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ABSTRACT
The upcoming Large Synoptic Survey Telescope (LSST) will observe 18 000 deg2 of the Southern
sky and is expected to discover thousands of transients every night due to its large coverage of the sky
and its observing strategy. In this work we address the prospects of the LSST in discovering Tidal
Disruption Events (TDEs) and in probing the supermassive black hole (SMBH) mass distribution in
the Universe. We used the LSST simulation framework and defined TDE catalogs on 20 fields of
20.25 deg2 size. TDE properties were defined by randomly chosen impact factors and SMBH masses
drawn from six different mass distributions. Observations of TDEs in 10 years of LSST operations
were simulated by querying the simulated observing strategy database minion 1016. Based on the
results of our simulations we estimate that the LSST should discover between 35 000 and 80 000 TDEs
in 10 years of operations, depending on the assumed SMBH mass distribution. We also find that
probing the SMBH mass distribution with TDE observations will not be straightforward due to the
fact that TDEs caused by low mass black holes (105M) are expected to be less luminous and shorter
than TDEs by heavier SMBHs (> 106M), and therefore will mostly be missed by the irregular LSST
cadence minion 1016.
Keywords: stars:black holes — telescopes — surveys
1. INTRODUCTION
When a star in a nucleus of a galaxy gets scattered
onto an unfortunate orbit leading it close to the super-
massive black hole (SMBH) in the center of its host,
the star can be torn apart by black hole’s strong tidal
forces (Rees 1988; Phinney 1989; Evans & Kochanek
1989). This process, known as a Tidal Disruption Event
(TDE), emits a bright flare of light, which then decays
on time scales from months to years.
The majority of SMBHs found in centers of galax-
ies are quiescent and therefore generally very hard to
study. However, TDEs are recognized as one of the most
promising phenomena in studies of non-active SMBHs.
The observed emission depends on different parameters
concerning the objects and orbital dynamics involved,
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such as, for example, the mass of the black hole, the
mass, the radius and the structure of the star, and the
distance from the black hole at which the star gets dis-
rupted (Kochanek 1994; Gomboc & Cˇadezˇ 2005; Lodato
et al. 2009; Strubbe & Quataert 2009; Lodato & Rossi
2011; Guillochon & Ramirez-Ruiz 2013; Mockler et al.
2019). Therefore, the observed light curves of such
events can, at least in principle, provide us with infor-
mation about the disrupted stars, as well as SMBHs
responsible for the events.
TDEs are very rare, with only around 70 candi-
dates discovered so far (e.g. van Velzen et al. 2011;
Gezari et al. 2012; Arcavi et al. 2014; Chornock et al.
2014; Holoien et al. 2014, 2016b,a; Leloudas et al. 2016;
Wyrzykowski et al. 2017; Blagorodnova et al. 2017).
The rate at which the stars are disrupted depends on
the density and scattering mechanisms of stars in the
cores of galaxies. Dynamical models of stellar orbits
in central regions of galaxies predict that the rate of
TDEs is 10−4− 10−5 per galaxy per year (Magorrian &
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Tremaine 1999; Wang & Merritt 2004). Due to this low
rate, large surveys monitoring hundreds of thousands of
galaxies, such as the future Large Synoptic Survey Tele-
scope (LSST), will be crucial in enlarging the observed
TDE sample.
The LSST (Ivezic´ et al. 2008) is an upcoming sky sur-
vey project, which will conduct a 10-year long survey
of the dynamic Universe in six optical bands, u, g, r,
i, z and y, covering the wavelength range between 320
and 1050 nm. With its large field of view of 9.6 deg2
it will be able to cover around 10 000 deg2 of sky each
night, and therefore map the entire visible sky in just a
few nights. The primary mirror will measure 8.4 m in
diameter, which will allow imaging to very faint magni-
tudes, up to 24.4 in r band in a single exposure. The
combination of all this will result in mapping of tens of
billions of stars and galaxies, and by doing so, creating
a multi-color view of the Universe (Abell et al. 2009;
Ivezic´ et al. 2013; Gressler 2016).
According to the cadence proposed in Ivezic´ et al.
(2013), the survey will continuously monitor 18 000 deg2
of the visible sky in the Southern hemisphere, and each
field will be visited around 900 times in 10 years of sur-
vey duration. This will enable studies of small objects
in the Solar System, the structure of the Milky Way,
galactic evolution, variable and transient sources, prop-
erties of dark matter and dark energy, and discoveries
of yet unknown astrophysical objects. Images obtained
with the LSST will be analyzed in real-time in order to
identify objects which might have changed their bright-
ness since the previous observation, or which might have
moved. Therefore, the LSST will be a powerful tool in
search for transients, including TDEs.
In order to estimate the number of TDEs we may ex-
pect to be detected by the LSST, the quality of their
light curve coverage, and whether it will be possible to
use them to probe the SMBH mass distribution, we per-
formed simulations using the LSST simulation frame-
work (Ivezic´ et al. 2008; Connolly et al. 2010, 2014;
Delgado & Reuter 2016). The framework includes all
the components which may largely affect observational
data, from the design of the telescope, to conditions at
the observing site, and the survey strategy. Since the
simulation framework does not include TDEs, we im-
ported them as a new type of objects. Basic steps were
the following: first, we randomly chose host galaxies and
attributed them a central SMBH with a mass drawn ran-
domly from an assumed SMBH mass distribution. Since
the real SMBH mass distribution is still uncertain, in
particular at the low-mass end, we considered 6 differ-
ent distributions (assuming no evolution with redshift)
in order to test their effect on the number of detected
TDEs. Optical properties of each particular TDE de-
pend on the mass of the SMBH and on the properties
(mass, radius) of the star being disrupted, as well as
on the penetration factor. We considered all stars to
be Solar-like and assumed that TDEs occur at random
times. We calculated SEDs of TDEs at different times
after the disruption using MOSFiT, a model based on hy-
drodynamical simulations of TDE fallback rate (Guil-
lochon et al. 2018; Mockler et al. 2019). We imported
these SEDs in the LSST simulation framework and re-
produced LSST observations of TDEs in 10 years on 20
fields on the sky, each covering an area of 20.25 deg2.
This paper is organized as follows: in Section 2 we
describe briefly the theoretical background of TDEs, in
Section 3 we present the SMBH mass distributions used
in our simulations, in Section 4 we describe the simula-
tion setup and we present our results in Section 5. We
give our conclusions in Section 6.
2. TDES
SMBHs with masses ranging from 105 to 1010 Solar
masses, are common in the nuclei of galaxies, including
our own (Phinney 1989). Since they do not emit light,
they are generally very hard to study. By producing
luminous flares in the cores of galaxies, TDEs pose an
opportunity to detected dormant black holes residing in
galactic centers.
2.1. Dynamics
Consider a star of mass M∗ and radius R∗ moving on
a highly eccentric orbit around a SMBH of mass MBH .
If the distance of the closest approach to the black hole,
the pericenter distance rp, lies within the tidal sphere
with radius
rt = R∗
(
MBH
M∗
)1/3
, (1)
then the tidal forces of the black hole overcome the star’s
self gravity, and the star is ripped apart (Rees 1988).
The penetration factor is defined as the ratio of two
distances
β = rt/rp. (2)
To simplify the model, we assume the star is on a
parabolic orbit. At distances r  rt the star can be
approximated as a point source in the gravitational field
of the black hole, however, when it approaches the tidal
radius, its size becomes important. Different distances
to the black hole, at which different fluid elements of
the disrupting star lie, cause a sizable spread in specific
orbital energy  within the star. The parts furthest from
the black hole have a positive specific binding energy,
while the energy of parts closest to the black hole is
negative (Rees 1988).
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The most bound matter, which is on a highly eccentric
orbit, passes the apocenter and then returns back to the
pericenter after one period, in time
tfb =
2piGMBH
(2∆)3/2
, (3)
also known as the fallback time (Rees 1988; Evans &
Kochanek 1989). The rate, at which the material re-
turns, is the fallback rate M˙fb and it depends on the
black hole mass, mass and the internal structure of the
disrupted star, more specifically on the distribution of
the mass over energy within the star. Assuming the lat-
ter distribution is flat (Phinney 1989), the fallback rate
scales with time as M˙fb ∝ t−5/3.
It is usually assumed that the fallback rate can be di-
rectly translated to luminosity, and therefore the light
curve is expected to also exhibit the t−5/3 behavior.
However, the true fallback rate depends on the structure
of the star and on the accretion process of the stream
of stellar debris onto the black hole, which can cause a
discrepancy from the t−5/3 time evolution in the first
few months, and can result in a lower peak fallback rate
with a gentler rise to the peak, see Lodato et al. (2009)
and Guillochon & Ramirez-Ruiz (2013).
The returning bound debris circularizes around the
black hole and eventually forms an accretion disk. It
is possible that initially, for MBH < 10
7M, the fall-
back rate exceeds the Eddington limit, above which the
outward radiation pressure wins over the gravity and
only a small fraction of the material is accreted to the
black hole, while the rest is blown away in a form of
an outflow. The emission of the outflow is estimated to
dominate the light curve on a time scale between a few
weeks and a year. The accretion disk itself is consumed
by the black hole on a time scale from months to years
(Rees 1988).
2.2. MOSFiT SED model
Multiwavelength emission of TDEs was analytically
modeled based on the dynamics and the fallback rate
(see e. g. Strubbe & Quataert 2009; Lodato & Rossi
2011). Optical light curves in these models have two
contributions: the outflow emission, which dominates in
the early stages, and the emission of the accretion disk,
which takes over at later stages. However, the observed
TDEs are about one to two orders of magnitude fainter
than the theoretically predicted optical light curves sug-
gest (Lu & Kumar 2018). This is believed to be due to
the fact that the majority of energy is being released
in UV/EUV band or within jets. The theoretically pre-
dicted light curves also show discrepancy from the ob-
served TDEs in the time evolution. The light curve in
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Figure 1. MOSFiT generated light curves of three TDEs
with black hole masses: 105 M (red), 106 M (pink), and
107 M (violet). In all three events a Solar-type star dis-
ruption with β = 1 was assumed. The absolute magnitudes
were calculated in LSST g band.
the outflow phase is expected to follow t−2.6 evolution,
while the disk should decay with time as t−5/12 (Lodato
& Rossi 2011). However, the observed sample of TDEs
shows a t−5/3 behavior in the initial phase, while the
later evolution exhibits t−5/12 behavior only in some
cases (such as ASASSN-15oi, see Holoien et al. 2018).
To overcome these problems we used MOSFiT (Guillo-
chon et al. 2018; Mockler et al. 2019) to calculate SEDs
of TDEs at different times after the disruption. MOSFiT
uses FLASH simulations of the fallback rate, and seems to
describe previous observations of TDEs in optical wave-
lengths well. As shown in Mockler et al. (2019), fit-
ting this model to observations enables determination of
some TDE parameters, such as, for example, the mass
of the black hole, the penetration factor, stellar mass,
type of the disrupted star, and peak time.
MOSFiT’s main purpose is to provide a tool for fitting
transients. However, it can also be used to generate
light curves and SEDs at any time after the disruption
of a TDE with chosen parameters. Light curves of three
events calculated in the LSST g band using MOSFiT are
shown in Figure 1.
Using MOSFiT we have created a library of SEDs for
different events, where we varied two parameters: the
black hole mass, and the penetration factor β. In all
cases we used a one Solar mass star, described by a
polytropic model with γ = 5/3, and placed at redshift
z = 0, in order to obtain the rest frame SEDs at a given
time after the disruption. All other parameters from
Table 1 in Mockler et al. (2019) were kept at a constant.
3. SMBH DISTRIBUTIONS
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Figure 2. The input SMBH mass probability distributions
D1-D6.
One of the input parameters for our simulations is
the distribution of SMBHs in centers of galaxies over
their masses. Since a SMBH mass influences the bright-
ness and the duration of a TDE, and consequently the
chances of its detection, assumed mass distribution of
SMBHs has an impact on the expected TDE detection
rates. For our simulations we used six different proba-
bility distributions, D1-D6, shown in Figure 2.
Distribution D1 was reproduced from Aversa et al.
(2015), where the SMBH mass distribution is described
by a Schechter function, given by the equation and pa-
rameter values for the BH mass function in their Table
1. D2 was reproduced with results from Hopkins et al.
(2007), where the SMBH mass distribution is also de-
scribed by a Schechter model (equation (24) in Hopkins
et al. 2007), with its parameter values given in their
Table 5. For both distributions we assumed the pa-
rameters describing the distribution do not evolve with
redshift. D1 and D2 only seem to be valid from 106M
on, however to test the influence of the distribution at
MBH < 10
6M, we have extrapolated them towards the
low mass end (down to 105M).
For D3 and D4 we used the same function as for de-
scribing the distribution D1, however we varied the pa-
rameter values of the Schechter function (φ, Xc, α, ω
in Table 1 of Aversa et al. 2015) in such way, that D3
peaks around 105.5M and then slowly falls towards
lower masses, while D4 peaks around 106.5M and then
gradually falls towards lower black hole masses.
The remaining distributions, D5 and D6, were calcu-
lated using relations for the total stellar mass vs. black
hole mass (D5) and host galaxy color vs. total stellar
mass (D6). We obtained the total stellar mass and col-
ors of all of the host galaxies from the LSST simulator
database and calculated the distributions of the black
hole masses in the simulator. The relations we used
were the following
log
(
MBH
M
)
= 1.21 log
(
M∗
1011M
)
+ 8.33 (4)
for D5 (van den Bosch 2016), whereM∗ is the total stellar
mass in the galaxy, and
log
(
M∗
M
)
= 1.097(g − r)− 0.4
(
r − 5 log d10 pc
)
−0.19z + 1.462 (5)
for D6 (Bernardi et al. 2010), where g and r are mag-
nitudes of the galaxy in g and r band. We then used
equation (4) to calculate the corresponding black hole
masses for D6.
4. SIMULATIONS SETUP
LSST’s capabilities will enable fast and deep imaging
of the whole visible sky on short time scales, which will,
among other things, be an important tool for detection
of transient astrophysical phenomena. To understand
how different components of the telescope, such as its
design, the conditions at the observing site, and the ob-
serving strategy will affect the properties of the obtained
data, a simulation framework has been designed in order
to simulate the whole operation of the telescope (e. g.,
Ivezic´ et al. 2008; Connolly et al. 2014; Peterson et al.
2015; Delgado & Reuter 2016).
The framework includes catalog of astronomical ob-
jects, CatSim, which contains catalogs of Solar System
objects, stars, galaxies, and transients, such as AGNs
and micro-lensing events. TDEs have not been included
in CatSim yet. The simulator also provides a tool for
simulating the operations of the telescope, called OpSim.
Together with CatSim, it can be used to simulate ob-
served light curves of various astronomical objects.
The OpSim contains observation scheduler for the tele-
scope. The observing strategy we used in our simula-
tions was the strategy called minion 1016 1, in which
1 Recently, the LSST community proposed a number of ca-
dences (Ivezic´ et al. 2018), which describe different observing
strategies. Before this, the minion 1016 cadence was the base-
line strategy of the project, but the exact strategy is yet to be
determined in order to satisfy all scientific areas optimally. We
tested the new proposed cadences as well, however, for the sole
purpose of the number of TDE detections we are estimating here,
there are no large discrepancies between minion 1016 and other
cadences (the numbers vary at most by a factor two, see Bricman
& Gomboc 2018). Therefore, we concluded, that the minion 1016
cadence is representative enough for our purposes here.
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each visit of a given field on the sky consists of two
15-second exposures, with the same field being visited
again on average after 3 days. The next visit to the
same field is scheduled based on the following ranking
algorithm (Ivezic´ et al. 2013): after a visit of a given
field, all possible next observations are assigned a score,
which depends on their locations, times of previous ob-
servations, and filters. Therefore, the cadence (i.e. the
next visit to the same field) of observations is irregular,
and some fields might be visited more frequently than
others, and in different filters (Ivezic´ et al. 2008). For
minion 1016, 7.5% of the total observing time will be
spent observing in u band, 10.1% in g band, 22.0% in
r band, 22.1% in i band, 20.1% in z band, and 18.2%
in y band. The number of visits to a given field on the
sky in all six bands in 10 years of survey duration for
minion 1016 is shown in Figure 3. The average number
of visits to a field is 62, 88, 199, 201, 180 and 180 per u,
g, r, i, z and y band, respectively (Marshall et al. 2017).
The mean number of visits per field in 10 years is 910.
For our simulations we first generated a catalog of
galaxies, which will host a TDE during 10 years of LSST
operations. We queried the CatSim galaxy database,
which covers approximately 20.25 deg2 on the sky and
contains around 17 million galaxies. Since the number of
visits changes with respect to the location of the field in
the sky, we chose to run our simulations on 20 different
fields of size 20.25 deg2. Coordinates of centers of all 20
fields are marked on Figure 3 with black crosses.
We randomly chose TDE host galaxies based on the
rate (10−5 per galaxy per year) and assumed that one
galaxy can experience only one TDE in 10 years of LSST
observations. Each host galaxy in the catalog already
has defined parameters, such as coordinates, redshift,
extinction, etc. However, the mass of the black hole is
not given in the catalog, therefore we assigned it ran-
domly from an assumed SMBH mass distribution (we
consider 6 different distributions presented in Section
3). Note that the black hole masses were randomly cho-
sen from an interval between 105M and 108M, since
black holes with masses larger than 108M will swallow
a Solar type star before it gets disrupted (tidal radius
would be within the Schwarzschild radius of the black
hole).
For each SMBH mass distribution discussed in Sec-
tion 3, we created 20 TDE host galaxy catalogs, one for
each simulated patch on the sky. Each of the catalogs
contained around 1700 host galaxies, including active
galaxies (approximately 1% were AGNs), which we have
eliminated from further investigation, since the charac-
teristics of TDEs happening inside AGNs are not known.
We assigned each host galaxy a TDE with a starting
time drawn randomly from the duration of the survey.
In all cases we assumed that a disrupted star is Solar-like
(M = M, R = R, γ = 5/3). We assigned randomly
each disruption a β value, which we let vary from 0.6
to 4.0, where values between 0.6 and 1.8 correspond to
a partial disruption, and values between 1.85 and 4.0
correspond to a full disruption of the star (Guillochon
& Ramirez-Ruiz 2013). Both, partial and full disrup-
tion can produce flares of light. We chose the upper
value β = 4, since Guillochon & Ramirez-Ruiz (2013)
have noticed that larger β values do not produce any
substantial change in the behavior of the fallback rate,
and consequently in the behavior of the light curve and
SEDs. Assuming the probability for encounter with pe-
riastron distance between rp and rp+drp is proportional
to the area 2pirpdrp, we distributed β according to the
following function
p(β) =
1
2β3
(
1
β2min
− 1
β2max
)−1
, (6)
where βmin is 0.6 and βmax 4.0, making disruptions with
smaller β values more probable than those with larger
penetration factors.
For every TDE in the catalog, the flux was calculated
using MOSFiT and applying the cosmological redshift of
the host galaxy to the SED2. During the simulations, the
host galaxy and the Milky Way dust extinctions were ap-
plied to each event according to the model in O’Donnell
(1994).
Simulations of light curves were done in all six LSST
bands, for galaxies with redshifts z < 3.0, since events
at larger redshifts are expected to be too dim to be ob-
served. Using host galaxy R.A. and Dec, we queried
the minion 1016 database, which contains a simulated
observing cadence of the LSST, based on the algorithm
described above. At each time a certain TDE in the
sky was observed, its magnitude in a given band was
calculated along with an error-bar.
Examples of obtained light curves of three simulated
events are shown in Figure 4. The events have different
parameters and are at different redshifts. TDE1 is at
z = 0.097, where the disrupting black hole has a mass
of MBH = 7.7 × 105M, and the penetration factor is
β = 1.0. TDE2 is at z = 0.062, with MBH = 3.8 ×
106M and β = 3.8, while TDE3 is at z = 0.078 with
MBH = 1.1× 107M and β = 1.7.
Note that our simulations do not contain any deep
drilling fields, which the LSST is expected to spend 10%
2 We assumed a flat Universe with cosmological parameters
Ω0 = 0.25, ΩΛ = 0.75 and H0 = 73 km/s/Mpc.
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Figure 3. Number of visits (where a visit consists of two 15 second exposures) to a given field on the sky in 10 years of LSST
observations in all six bands u, g, r, i, z and y, according to the observing strategy minion 1016. Observations in r, i, z and y
band will be more common than those in u or g band, which is also apparent from panels corresponding to each of the bands.
The distribution of number of visits on the sky is irregular, since the cadence proposed is also irregular. With black crosses the
locations of fields on which we simulated TDEs are marked.
of the observing time on. All of the fields chosen for
our simulations are within the wide-fast-deep area of
the observing strategy.
5. RESULTS AND DISCUSSION
5.1. Detection definition
To estimate the number of TDE detections, we first
need to define what counts as a detection. Too few data
points or data points very close to the limiting mag-
nitude (with large error-bars) do not assure a positive
identification of the source as a TDE. In Figure 5 (left)
we plot the number of TDEs seen at least once above a
certain magnitude, which we call cut-off magnitude, in
10 years of LSST operations, simulated on one patch of
20.25 deg2 on the sky (in Figure 3 marked with ⊗). As
expected, the fainter the cut-off magnitude, the more
events will be observed, however data points close to
the limiting magnitude will have large error-bars. Set-
ting a brighter cut-off magnitude reduces the number of
detected events, but on the other hand means that data
points will carry smaller error-bars and result in bet-
ter quality light curves. We decided to set the cut-off
magnitude to the (limiting − 2) magnitude of the band,
so that the cut-off magnitudes in the remainder of this
paper are uc = 21.5, gc = 22.8, rc = 22.4, ic = 21.9,
zc = 21.3 and yc = 20.1.
For a positive identification of a TDE, based only on
the LSST data, it will be important how many good
quality data points the light curve will contain, i.e. how
many times a TDE is detected above the cut-off magni-
tude. Figure 5 (right) shows the number of TDEs on a
patch ⊗ (Figure 3) seen above the cut-off magnitude (as
defined in the previous paragraph) in 10 years of LSST
operations at least a certain number of times, given on
x-axis. As expected, the fewer points we choose as suffi-
cient for a positive identification, the higher the number
of events. The plot does not show any clear trend which
would tell what boundary would be the best choice. We
arbitrarily chose 10 as a minimum number of good qual-
ity data-points sufficient for a reliable classification of a
TDE. We note that this number might vary once a well
performing classification tool for identifying TDEs out
of a large number of transients is produced.
5.2. Number of TDEs detected
To calculate the number of TDEs observed over the
whole LSST visible sky, we first divided it into three ar-
eas, which have significantly different number of visits,
as clearly evident in Figure 3. We put 4 of the simulated
fields in area I (Dec > 0◦, size ∼ 3300 deg2), 4 fields in
area II (Dec < −60◦, size ∼ 1700 deg2), and 12 fields in
area III (−60◦ < Dec < 0◦ excluding the galactic plane,
size ∼ 13 000 deg2). On the total of 20 patches in these
three areas we performed simulations and calculated the
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Figure 4. Simulated observed light curves of three different
1M disruptions in all six LSST bands (u, g, r, i, z and
y). TDE1 is a disruption with redshift z = 0.097, MBH =
7.7 × 105M and β = 1.0, TDE2 at z = 0.062, MBH =
3.8 × 106M and β = 3.8, and TDE3 at z = 0.078, MBH =
1.1×107M and β = 1.7. Error-bars (vertical lines) are also
plotted together with cut-off magnitudes (as defined in 5.1)
for each filter (horizontal dashed lines).
mean number of detections for all six SMBH mass dis-
tributions described in Section 3. To obtain the total
number of TDEs over the whole LSST visible sky, we
weighted the mean numbers obtained for these patches
with their area size and summed all contributions. Fig-
ure 6 shows the mean number of detected TDEs for each
of the SMBH mass distributions.
The uncertainties were estimated by first calculating
the standard deviation of the detected TDEs for 12 small
patches in the sky area III. The standard deviations of
the number of detections were negligible in the other two
areas I and II compared to area III. From our results for
area III we find that the standard deviations are ∼ 1.4√
N , where N is the number of detected TDEs. We used
this approximate relation to estimate the uncertainties
of the number of detected TDEs on the whole sky. The
uncertainties are shown in Figure 6 with pink and are
very small compared to the total number.
The number of detected TDEs largely depends on the
underlying SMBH mass distribution, as well as on the
choice for the cut-off magnitude. In our case, the num-
ber of detected TDEs lies in an interval roughly between
35 000 ± 260 and 80 000 ± 400 events in 10 years of
LSST observations. This corresponds to roughly 10 to
22 TDEs on average per night3.
The number is the highest for the SMBH mass distri-
bution D4, since the peak of the distribution is at higher
black hole mass (∼ 106.5M) and it falls rapidly to-
wards the low-mass end. In general, TDEs at low mass
end are less luminous, decline more rapidly with time,
and therefore probability of missing them with an irreg-
ular cadence is high. In the case of D4 mass distribution
the number of TDEs at low mass end is small and non-
detection of these events does not have a large effect
on the overall number of observed events. The brighter
events caused by more massive black holes are in this
case more frequent and more efficiently detected, there-
fore the total number of detected TDEs is larger.
The distribution with the smallest number of detected
TDEs is D2, however the number of detected TDEs in
this case is similar to the number of detected TDEs in
all other distributions (except D4). The reason for the
lowest number of detected TDEs in D2 is that, as seen in
Figure 2, D2 has the largest number of black holes at low
mass end compared to other distributions. Therefore,
the majority of the events will be caused by less massive
3 If we would choose the cut-off magnitude to be (limiting − 3)
magnitudes instead of (limiting − 2) magnitudes, then the number
of detected TDEs in 10 years would be between 27 000 ± 230 and
65 000 ± 350 in 10 years, corresponding to 7 to 18 TDEs on
average per night.
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Figure 5. Left : the number of TDEs seen at least once above a certain cut-off r -band magnitude in 10 years of LSST
observations on 20.25 deg2 of the sky as a function of the cut-off magnitude in r band. The number of detected TDEs decreases
as we go to brighter limits. We chose (limiting − 2) magnitude to eliminate events close to the limiting magnitudes of each band.
Right : the number of detected TDEs in 10 years of LSST observations on a small patch of 20.25 deg2 of the sky as a function
of the number of data-points above the chosen cut-off magnitude, (limiting magnitude − 2), in all LSST bands together. For a
representative number, we assumed 10 observations above the cut-off magnitude as sufficient to classify the event.
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Figure 6. The number of detected TDEs for each of the
SMBH mass distributions D1-D6. The number of expected
detections is between 35 000 ± 260 and 80 000 ± 400 in 10
years of observations. This corresponds to average values
between 10 to 22 TDEs per night.
black holes, consequently TDEs will be less luminous,
fade quicker, and the probability of not detecting them
will be higher.
Our results are in rough agreement with van Velzen
et al. (2011) and Abell et al. (2009). van Velzen et al.
(2011) have estimated, based on the previous observa-
tions, that the LSST should discover around 40 000 new
TDEs in 10 years, while in Abell et al. (2009) this num-
ber was estimated to be 60 000, based on the universal
TDE rates from Rau et al. (2009) and the references
therein.
It is worth mentioning here that we assume in this
work all of the detected TDEs will be recognized and
classified as TDEs, which might not be true in all cases.
Due to a large number of transients the LSST is ex-
pected to discover every night (∼ 10 000), distinguish-
ing TDEs from other transients will be a difficult task
and probably not always straight-forward. Some events
might be mis-classified, which could largely affect the
total number of detected TDEs. Some of the observa-
tional features of TDEs, such as the distance from the
galactic center, the color (TDEs tend to be very blue in
color, with g−r ≈ −1.0), light curve shape and temper-
ature evolution, should make it possible to distinguish
TDEs from other transients.
5.3. Probing the SMBH mass distribution
Once the LSST will start observing TDEs on daily
basis, the masses of black holes responsible for caus-
ing TDEs could be determined by fitting the observed
light curve with a TDE light curve model. To address
the possibility of probing SMBH mass distributions with
TDEs observed by the LSST, the distributions of de-
tected TDEs over the black hole mass together with the
initial input distribution for all six initial distributions
are shown in Figure 7.
From Figure 7 it is clear that none of the simu-
lated TDE distributions follow the initial distribution of
SMBH masses. At high mass end we notice that the dis-
tributions of detected TDEs over black hole mass seem
to follow the initial distributions quite well, however the
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Figure 7. The input theoretical SMBH mass distributions D1-D6 (purple lines), the SMBH mass distribution of detected TDEs
(green histograms), Gaussian fit to detected TDEs (black dashed line) and selection-effects function (pink dotted line). The
observed samples consist of all detected TDEs on 20 simulated fields, scaled to the whole observable sky as discussed in 5.2.
distributions fall quickly towards 108 M, since a Solar
type star enters a heavier black hole before it can be
disrupted, and no flare is observed.
At the low mass end, however, none of the detected
TDE distributions over SMBH masses follow the initial
distributions. This is due to the fact that TDEs in-
volving a less massive black hole produce less luminous
events, which fade faster with time (see Figure 1), mak-
ing them harder to detect. It is possible we are missing
those dim and short TDEs due to the cadence we used
in our simulations.
To describe the effect of observational bias, i.e. faint-
ness and short duration of the events at the low-mass
end, we created a “selection-effect” function (pink dot-
ted lines in Figure 7). We simply assumed it is a Gaus-
sian function, the same for all SMBH mass distributions,
with a mean value of 106.5M and a standard deviation
of 0.5 in logarithmic scale. We then multiplied this func-
tion with the initial input distribution (purple line in
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Figure 7) and noticed that the final product fits well the
observed TDE distributions (green histograms in Figure
7). This product is shown in Figure 7 with dotted light
blue lines.
To check if it would be possible to distinguish between
different initial distributions we fitted a Gaussian func-
tion to the detected TDE distributions (black dashed
lines in Figure 7) We find that in all cases the mean
and the standard deviations (also noted in each panel of
Figure 7) have very similar values and cannot be used
to reach reliable conclusions regarding the initial distri-
butions.
From the results obtained in our simulations it seems
that it will not be straightforward to deduce the mass
distribution of SMBHs in spite of a large number of
TDEs detected by the LSST. This is due to the selection
effects which, provided the theoretical models are giving
correct predictions about the duration and luminosity of
TDEs, are biased against low-mass black hole TDEs.
In principle, the total number of detected TDEs could
tell us something about the shape of the SMBH mass
distribution. As mentioned in Section 5.2, different
SMBH mass distributions give different total numbers
of TDEs detected. However, the number of detected
TDEs strongly depends also on the rate of TDEs, which
is not yet firmly known. Therefore, until the rate of
TDEs is more precisely known, it will not be possible
to lift the degeneracy between the rate and the SMBH
mass distribution, and use the total number of detected
TDEs as a strong indicator for the shape of the SMBH
mass distribution.
We would like to note that our results are obtained
with the minion 1016 cadence. We tested whether sim-
ulations over the whole observable sky might improve
the statistics at the low mass end of the SMBH distri-
bution. We find that running simulations on a larger
number of fields (e.g. 20 instead of 10) does not change
the shape of the resulting mass distribution of detected
TDEs significantly and it only slightly affects the µ and
σ of the Gaussian fit. We also tested the effects of dif-
ferent requirements in our definition of a TDE detec-
tion, i.e. cut-off magnitude and number of data points
above the cut-off magnitude. We find that changing
these two parameters does not affect the shape of the
mass distribution of detected TDEs significantly. The
low-mass end sampling might be better using a different
cadence (e.g. one of the cadences mentioned in Bricman
& Gomboc 2018), which has a more frequent temporal
sampling.
6. CONCLUSIONS
Based on results in Figure 6 we estimate the LSST will
discover on average between 35 000 and 80 000 TDEs in
10 years of observations, depending on the SMBH mass
distribution we used as an input for simulations. This
corresponds to approximately 10 to 22 TDEs on average
per night. We may therefore expect that the LSST will
significantly enlarge the sample of observed TDEs, and
highly improve the statistics concerning their properties,
and our understanding of these transients.
The distributions of simulated observed TDEs over
the black hole mass involved in the process are not as
informative about the underlying SMBH mass distribu-
tion as one might hope. Based on results in Figure 7,
there is no clear parameter with which we could distin-
guish among different initial distributions. We find that
this is a consequence of the short duration and faintness
of TDEs caused by low-mass SMBHs, due to which the
majority of such TDEs might be missed by observations.
We expect that a cadence with a more regular or more
dense sampling might give a higher number of detected
events at the low mass end of the SMBH mass distri-
bution, providing additional information on the mass
distribution of SMBHs.
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